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Design of highly accurate formulas for numerical integration in
weighted Hardy spaces with the aid of potential theory
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????????????????????????? [6] ??? [15, x2.3] ??????
??????? Dd ? Green??? gDd(x; z) =   log j tanh((=(4d))(x   z))j??????
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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
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?????????????? fa`g?????
???? 1????????????????????????????????????
?????????????????????????????? R ?? Borel ?? N 2
M(R; 2(N +1)) ????????????????????????? N (R) = 2(N +1)
????????? 1??????? 2N + 1???????????????8?
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N ;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
sup
x2R
 
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????????????? 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?????????????? 2????? 2.1?? (2.8)??????????????
????????????????????????????????????????V NDd
???????Green?????? UNDd ????????????????????????
?? 2???? V NDd ????????????? N ?????????????????
???????????????????????????????????????? N
???? N 2M(R; 2(N +1))\C2( N ; N ) ????????????M(R; 2(N +1))
??? R???????????????? 2????????????????????
?????????????????????????????? 3????
?? 3. ????????????????
V NDd (x) + logw(x) =  KN for any x 2 [ N ; N ]; (3.9)
V NDd (x) + logw(x)   KN for any x 2 R n [ N ; 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????????? N , KN ???? N 2M(R; 2(N + 1)) \ C2( N ; N ) ?????
8 ???? 2N + 1????????????????????????????????????????
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?? 3???????? V NDd (x) + logw(x)??? [ N ; N ]?????????????
?????????????????????????
???????? 3 ????? R ???????? V NDd ??????????????
???? (x; y) 2 R2 ??? V NDd (x+ i y)??????? Dd n [ N ; N ]????????
????????Laplace??????????????????? V NDd ????????
??????9??????R???? V NDd ???? v ????????????[15]???
?? Laplace?????????????????????????? v ????????
N ??? KN ????????????????????????? V NDd = v ? R??
???????????????????????????????????
?? 4. ????????????
SP1 ???? N 2 M(R; 2(N + 1)) \ C2( N ; N ) ????????? N , KN ??
??R???? V NDd ???? v ?????
SP2 SP1 ???? N , KN , V NDd ?????????? N , KN , v ?????????
R????? V NDd = v?????Z N
 N
log
tanh 
4d
(x  z)
dN (z) = v(x) x 2 R; (3.11)
????N ?????
?? 4 ? SP1 ????????????????????? (3.11) ??????????
? N (R) = 2(N + 1)???? v ?????????????? N , KN ???????
? (3.11) ?????????? Fourier ????????????????? Fourier ??
(FFT)?????
????????????????????????????
?? 1   ??????? fa`g?????????
 ?????????????
?? 2   ???? N ?????????
 ?? N ???????????????????????
?? 3   ?????? N ???????????????
 Green??????????????????
?? 4
SP1   ?? 3????????? V NDd ??????
SP2   ?? N ??????
9 ?? Dd ??????????????R2 ??????????????????@Dd ???? V NDd = 0?
[ N ; N ]???? V NDd =   logw KN ???????????? Green?????????????
???
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1. ????? d??? w, N ?????? 4? SP1??????????? ~N ???
~KN ?????
2. ?? 4? SP2????????x 2 [ ~N ; ~N ]???? N := 0N ???? ~N ??
??10?
3. x 2 [ ~N ; ~N ]??????? I[~N ](x) :=
Z x
0
~N (t) dt??????
4. I[~N ]???? I[~N ] 1 ??????
5. ??? ai ? ai = I[~N ] 1(i) (i =  N; : : : ; N)?????????
6. ???? ~fN ?
~fN (x) :=
NX
j= N
f(aj)
BN :j(x; faig;Dd)w(x)
BN :j(aj ; faig;Dd)w(aj)
4d

T 0(aj   x) (3.12)
????
?? 1 ???? 4 ???????????????????????????????
(3.12)??EminN (H1(Dd; w))????????????????????????????
???????????????????????????????????? (3.12) ??
?????????????????????????? w ??????????????
??????????????????????? Ganelius??????????????
???????????????????????? [15]??? [15]???w???????
???????????????????? (3.12) ??????????????????
????????????????? w ??????????????????DE-Sinc?
???????????????????
4 ?????????
?????? (3.12)? x???? ( 1;1)?????????????????????
???????????Z 1
 1
f(x) dx 
Z 1
 1
~fN (x) dx =
NX
j= N
cN :j(faig;Dd; w) f(aj) (4.1)
?????????????????
cN :j(faig;Dd; w) =
Z 1
 1
BN :j(x; faig;Dd)w(x)
BN :j(aj ; faig;Dd)w(aj)
4d

T 0(aj   x) dx (4.2)
10 ??? F [~N ]?? Fourier?????????? FFT?????
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?????? (4.1)?????????????????????? (3.12)????????
???????????????H1(Dd; w)?????????????????????
??????????????????????????????????????????
?????????????
?? (4.1)???????????????? d??? w?N ??????? (4.2)? cN :j
?????????????????????? (4.2) ?????????????????
cN :j ??????????????????????????????? cN :j ??????
??????????? (4.1) ???????????????????????????
??????????????????????????????????????????
??? (4.1)????????????????????????????????????
(4.2)???????????????????????????????????????
?????????? (4.2)?????????????????????????????
cN :j(faig;Dd; w)  ~h
nX
k= n
BN :j(k~h; faig;Dd)w(k~h)
BN :j(aj ; faig;Dd)w(aj)
4d

T 0(aj   k~h) (4.3)
????????????11?
5 ????
????????????????????????? 5.1?? 5.2??????????
??????????????
? 5.1 (?????????).
f(x) = sech(2x);
Z 1
 1
f(x) dx =

2
: (5.1)
? 5.2 (Gaussian???????).
f(x) =
x2
(=4)2 + x2
exp( x2);
Z 1
 1
f(x) dx =
p
   
2 exp((=4)2)
4
erfc

4

: (5.2)
? 5.3 (????????DE?????).
f(x) =
 cosh(2x)
cosh((=2) sinh(2x))
;
Z 1
 1
f(x) dx = : (5.3)
???????????????????????? (4.1) ???????????????
????????????????????????????????????H1(Dd; w)
11 ? (4.2) ???????????? w ?????????????? T 0(x) = (=(4d)) sech2((=(4d))x)
?????????????????????????????????????????????????
???????????????????
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???????????????????????????? 2?????????????
??????????????? d????????? d = =4????????????
???? 1?????????? (1.8)?M = N ?????????????12?????
? 5.1?? 5.2???????? w???????????????? SE????????
5.3???????? w???????????????? DE?????????????
?????????????????? h???????? N ????? w ???????
???????? A????????????MATLAB???????????????
???????????
? 2 ????????H1(D=4; w)????? w ??????????????
???? w(x) ?? (4.1)? N ???? (4.3)? n? ~h
? 5.1 sech(2x) N = 5; : : : ; 100 (5??) (n; ~h) = (500; 0:04)
? 5.2 exp( x2) N = 5; : : : ; 50 (5??) (n; ~h) = (500; 0:02)
? 5.3 sech((=2) sinh(2x)) N = 5; : : : ; 25 (5??) (n; ~h) = (500; 0:005)
???????????? 1{3 ?????????????????? (4.1) ?????
(1.8)??????????????? 5.1?????????????? 5.2?? 5.3???
???????????????????????????????????? (4.1)???
??????????????????????????????????????????
????????????13?????????????????????????????
??????? B?????
12 ???? w ?????? 2?????????????????????????????????????
??
13 ?????????????????? Gaussian ?????????????????????????
(1.8)???????? (4.1)???N ????????????????????????????????
10??????????10 15  10 16 ?????????????????????? N ???????
?????????????????????????????????????????????????
(4.2)???????????????????????
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6 ???
??????????? [15] ??????????????????????????
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